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(54) ORGANOPHILIC CLAY MINERAL DERIVATIVES 




t/wIL We > LAPORTE INDUSTRIES 
LLMITED, a British Company of Hanover 
House, 14 Hanover Square, London, W.L, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to clay mineral de- 
rivatives and particularly to organophilic de- 
rivatives thereof. 

Organophilic derivatives of sodium ben- 
tonite, for example Wyoming bentonite, are 
known. Such products may be produced by 
exchanging the sodium ions of the bentonite 
with organic cations which organic cations 
may be supplied, for example, by onium 
compounds. Where the sodium bentonite con- 
tains exchangable cations other than sodium 
it is known to exchange those other ions, or 
some of them, with sodium ions before, in 
turn, replacing the sodium ions with cations 
derived from onium compounds. Thus it has 
hitherto been considered desirable, not only 
to use sodium bentonite as a starting material 
in the manufacture of organophilic deriva- 
tives, but also to render the sodium bentonite 
substantially homoionic before attempting to 
replace the cations of the sodium bentonite 
with canons derived from onium compounds. 
The term "onium compound" is used herein 
to mean organic ammonium compounds, and 
PY^n^' havbg ±Q general formula 

j i! n . wherein R is a organic radical 
and the element X is in its highest possible 
positive valency state, n is a number at least 
equal to 1 and m is a number at least equal 
to 0, die sum of n and m equalling one less 
than the highest possible valency of element 

ui 18 4? anion for ^^Ple, hydroxyl or 
chloride. The term "onium cation" is used 
herein to mean a cation of the above identi- 
fied compounds. 

In a paper published in the American 
Mmeralogist Volume 44 pages 1230 to 1236 
G. L. McAtee describes an investigation into 
the production of organophilic derivatives by 
ion exchanging organic cations onto Wyoming 
bentonite and hectorite. The results of the 



investigation indicate that sodium ions are re- 
placed by organic cations more readily than 
calcium cations which in turn are replaced 
more readily than magnesium cations. McAtee 
also describes experiments showing that if 
organophilic derivatives derived from sodium 
bentonite on one hand and from sodium ben- 
tonite in which the sodium ions have been 
almost completely replaced by calcium and 
magnesium ions on the other hand, are washed 
with distilled water, the former material re- 
tains almost all of its organic cations whereas 
the latter material loses a substantial quantity 
of its organic cations. 

The McAtee paper therefore teaches that 
the presence of calcium or magnesium ions 
on a day mineral to be used as a starting 
material for the preparation of organophilic 
materials is disadvantageous. 

There is some difficulty in ion exchanging 
calcium ions with sodium ions so as to con- 
vert a calcium containing clay mineral into 
the homoionic sodium form hitherto consid- 
ered as desirable. One of the most effective 
methods of conducting such ion exchange is 
by the use of ion exchange resins. Such a 
method would achieve substantially complete 
replacement of the calcium cations by sodium 
cations but is expensive to use on a commer- 
cial scale. Ion exchange can be carried out 
more economically by contacting the clay 
mineral with an inorganic compound contain- 
ing sodium ions combined with anions which 
form insoluble compounds with the exchange- 
able calcium ions of the clay mineral such 
as sodium carbonate, but in practice this 
method does not enable a satisfactory organo- 
philic derivative to be produced from the 
resulting sodium-containing product. For 
these reasons it has not hitherto been thought 
possible to utilise clay mineral containing a 
substantial proportion of calcium cations as 
a starting material for an organophilic clay 
mineral derivative on a practical commercial 
scale. 

The present invention relates to the use of 
clay minerals containing a substantial propor- 
tion of calcium ions, for example a major 
proportion of the exchangeable cations, as 



50 



55 



60 



65 



70 



75 



80 



85 



90 



95 



K:\S\Southern Cla yM 3301\patent s\GB001439828.c pc 



Page 2 o 



1,439,828 



starting materials in the production of organo- 
philic clay mineral derivatives. According to 
one aspect the invention resides in the use of 
magnesium compounds, in contrast to 
5 McAtee's teaching, in conjunction with sodium 
compounds in treating such starting materials 
so as to make them suitable for use in the 
manufacture of organophilic derivatives. 
Accordingly the present invention provides 

10 a process for the production of an organo- 
philic clay mineral derivative comprising tak- 
ing a clay mineral, containing calcium cations 
as a major proportion of die exchangeable 
cations in the clay mineral, treating it in the 

15 presence of water with one or more inorganic 
compounds containing sodium cations and 
anions which form water-insoluble salts with 
calcium, and a suitable minor proportion of 
one or more alkaline magnesium compounds, 

20 to exchange sodium and magnesium cations 
for calcium cations of the clay mineral, and 
treating the ion exchanged clay mineral with 
one or more onium compounds to exchange 
onium cations for said sodium, magnesium 

25 and remaining calcium cations. 

A suitable minor proportion of alkaline 
magnesium compound which may be used in 
the practice of this invention will depend on 
the particular embodiment of the invention 

30 being practised. The proportion will generally 
be below 5% and at least 0.2% based on the 
weight of the clay mineral Preferably the 
proportion of magnesium compound used is 
from 0.5% to 3% based on the dry weight 

35 of the clay mineral. 

The proportion of the compound containing 
sodium cations is preferably from 4% to 10% 
based on the dry weight of the clay mineral. 
Preferably the compound containing sodium 

40 cations is sodium carbonate and the alkaline 
magnesium compound is magnesium oxide, 
magnesium carbonate or magnesium hy- 
droxide. The proportion of the onium com- 
pound is preferably at least equivalent to the 

45 cation exchange capacity of the clay mineral 
for example up to 20% in excess of the 
cation exchange capacity of the clay mineral. 

Preferably the onium compound is a suit- 
able organic ammonium compound. Prefer- 

50 ably the ammonium compound has at least 
one organic radical having a carbon chain of 
at least 10 particularly preferably at least 18, 
for example even up to 30, 40 or 50 carbon 
atoms. The reason for such preference is not 

55 related to the ease of exchange of the am- 
monium cation onto the clay mineral which 
is not affected by the precise composition of 
the ammonium cation to be exchanged, but 
is related to the effectiveness of the resulting 

60 organophilic clay mineral derivative in use 
in greases and like media. 

The ammonium compounds may be derived 
from the class of compounds which includes 
the salts (including quaternary salts) of pri- 

65 mary, secondary' and tertiary amines, includ- 



ing mono-, di-, tri-, and poly-amines, ali- 
phatic, aromatic, cyclic and heterocyclic 
amines and substituted derivatives thereof. 
Mono- or poly- valent compounds which are 
of particular value in the practice of the 70 
present invention are the "Ethomeens" 
(Armour and Company). The word "Etho- 
meen" is a Trade Mark. These compounds 
may be regarded as tertiary amines having a 
single alkyl group and two polyoxyethylene 75 
groups attached to the nitrogen atom. Simi- 
larly the so-called "Ethoduomeens" (Armour 
and Company) are also of value. The word 
"Ethoduomeen" is a Trade Mark. 

Specific examples of suitable organic am- 80 
m onium cations are dimethyl dioctadecyl am- 
monium, dimethyl octadecyl ammonium, 
octadecyl ammonium, dioctadecyl morpho- 
linium, 1-propyl 2-octadecyl imidazolinium, 
bis-(-2-hydroxyethyl) octadecyl ammonium, 85 
and dimethyl benzyl lauryl ammonium. These 
may be used singly or in combination. 

A suitable clay mineral for use in this in- 
vention is calcium montmorillonite. This 
mineral is widely available. Preferably the 90 
clay mineral has a cation exchange capacity 
of from 0.7 to 1.1 m.e/g. 

In carrying out the process of the present 
invention it is important to achieve intimate 
contact between the clay mineral and the 95 
sodium and magnesium-containing compound 
or compounds used and for this the presence 
of water is necessary. Suitably the clay min- 
eral is treated in the form of a damp clod, 
with the compound or compounds providing 100 
sodium and magnesium cations. Preferably 
the clay mineral treated contains from 28 to 
40% by weight of water. Preferably intimate 
contact is achieved by first mixing the clay 
mineral with the compound or compounds 105 
providing sodium and magnesium cations and 
then extruding the mixture. The clay mineral 
is then advantageously dried at a temperature 
not exceeding 400° C to a water content of 
4% to 22%. 110 

The resulting clay mineral derivative may 
be treated with the onium compound in the 
form of a dispersion of the clay mineral de- 
rivative in water, preferably at a concentra- 
tion of 1% to 12%. The clay mineral may 115 
be dispersed by, for example, mixing the sus- 
pension, at high shear, for a sufficient time to 
reduce the particle size therein to smaller 
than 2 micrometer average equivalent Stokes 
diameter. The dispersion of the clay mineral 120 
may be conducted at ambient temperature. 
The onium compound or compounds may also 
be dispersed in water at, for example 1 to 
6%. concentration and then the two disper- 
sions may be mixed. Preferably the two dis- 125 
persions are mixed at an elevated tempera- 
ture of, for example, from 60 to 100° C and 
are maintained at an elevated temperature for 
a period of time, sufficient to allow the ion 
exchange to take place. Preferably the two 130 
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suspensions are stirred for from 5 to 30 
minutes after mixing. Thereafter the organo- 
philic clay mineral derivative resulting from 
the ion exchange with the onium compound 
5 is preferably filtered and washed to free it 
from the inorganic exchangeable cations of the 
clay and the anion of the onium compound 
used. The clay mineral derivative is then pre- 
ferably dried, for example, to a water con- 

10 tent of 2 to 3%. It is then ready for incor- 
poration in organic media. 

The organophilic products of this inven- 
tion are suitable for use in organic solvent 
systems such as white spirit and their purpose 

15 is to stiffen the system. They are useful, in 
particular, in paint systems. 

When the organic solvent is or contains a 
substantial quantity of polar solvent such as, 
for example, ethanol the effect of the organo- 

20 philic clay mineral derivatives is particularly 
advantageous. Where the organophilic deriva- 
tive is to be used in a medium not containing 
a polar solvent, the organiphilic derivative 
is preferably treated with such a solvent be- 

25 fore incorporation in the medium. A suitable 
quantity of polar solvent is from 0.5 to 1.0 
g/g of the dried organophilic clay mineral 
derivative. 

In order that the invention may be more 
M readily understood examples thereof will now 
be specifically described. Certain examples 
not according to the invention will also be 
specifically described for the purposes of eom- 
parison. Examples 3—9 are according to the 
invention and Example 1 and 2 are not ac- 
cording to the invention and are inserted for 
comparative purposes. 

The following procedure was used in carry- 
ing out all the examples. 
40 The clay mineral, in the form of a wet 
clod, of 34 — 36% by weight moisture, was, 
where the particular example required the 
presence of one or more of sodium carbonate 
and magnesium oxide, extruded with 9% 
based on the dry weight of the clod of sodium 
carbonate and/or 2% based on the dry weight 
of the clod of magnesium oxide (Taycrest 
T3 made bv Taycrest Company Limited). 
"TAYCREST" is a trade mark). The ex- 



truded clod mixture (or the clod itself, where 50 
appropriate), was dried and milled. The re- 
sulting milled product was made up to a 4% 
by weight dispersion in water by mixing under 
conditions of high shear for 15 minutes with 
distilled water at ambient temperature. The 55 
dispersion was heated to 80° C. A paste of 
75% concentration of dimethyl dioctadecyl 
ammonium chloride in isopropanol, which is 
available under the Trade Mark "ARQUAD 
2HT" was dispersed in distilled water at 6% 60 
concentration by weight and heated to 80° C 
to 90° C. 

The two dispersions were mixed in propor- 
tions to give the required quantity of organic 
ammonium cation indicated, and stirred at 65 
80° C for 10 minutes. The resulting solid pro- 
duct was filtered and washed on the filter 
with distilled water until chloride free. The 
filter cake was dried at 80° C to 2 to 3% 
water as shown by thermogravimetric analysis! 70 

The resulting organophilic product was 
mixed with a mixture of white spirit and ethyl 
alcohol. 6g samples of organophilic product 
were used and the quantity of white spirit and 
ethyl alcohol was 68g per sample, the quan- 75 
tity of ethyl alcohol varying as indicated in 
Table I. 

Mixing was conducted by first adding the 
white spirit, mixing for 5 minutes under high 
shear conditions, adding the ethyl alcohol and 80 
further mixing under high shear conditions 
for 1 minute. Some of the samples were tested 
using a cone micropenetrometer, of 15.8g 
weight and solid angle of 90°, immediately. 
All th.e samples were then passed through a 85 
triple roll mill twice and tested with the cone 
penetrometer. The results are expressed in 
10 _i metres penetration. For guidance a 
penetration value of 200—350 X10" 'm. indi- 
cates a soft grease-like body of dropping con- 90 
sistency, a value of 50—200 a body similar in 
consistency to shoe polish, and a value below 
50 a stiff grease-like body. 

The results of these tests are summarised 
in Table I, which also includes some details 95 
of the conditions used in carrying out the 
various examples. 
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TABLE I 





Type of 
calcium 
montmor- 
illonite 
clay 


Extru 
with ivt T 


ded 
f of 


Exchangeable cation 
content of extruded 
dried product me '100g 


Ex. No. 


Na 2 CO, 


MgO 


Na + 


v» a 


■t- X 

\lg 


Ca ^Mg 


1 


Surrey 

blue 

clay 


- 




6 


84 


5 


89 


2 


Surrey 

blue 

clay 


9*c 


- 


91 






4 


3 


Surrey 

blue 

clay 


9Tc 


2% 


79 






16 


4 


Surrey 

blue 

clay 


95 


2% 


7Q 






16 


5 


Surrey 

blue 

clay 


9 c r 


2% 


87 






8 


6 


Surrey 

blue 

clay 


9% 




87 






8 


7 


Kent 
clay 


9fr 


1.5% 


78 






10 


8 


Kent 
clay 


9<Tf 


1.5% 


78 






10 


9 


Kent 
clay 


9% 


1.5<* 


78 






10 
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TABLE I (Continued) 



10 



15 



20 



25 



Ex. No. 


Organic 
Ammonium 
cation me. g 
dried clay 

minora 1 


g 'g 

clay 
deriv. 
uineu) 


Penetration value I0~ 4 m 


before 
3-roll milling 


after 

1 -nil 1 mi 1 1 i n it 
J 1 vii i mi 111 ng 


1 


0.85 


0.33 






2 


0.85 


0.33 


395 


145 


3 


0.85 


0.33 


349 


86 


4 


0.85 


1.00 




57.5 


5 


0.85 


0.33 




73 


6 


0.85 


1.00 




60 


7 


0.70 


0.33 




77 


8 


0.70 


0.66 




47 


9 


0.70 


1.00 




31 



w^ziomgjy ^iiuuucib or inis invention al- 
though based on naturally occurring calcium 
montmorillonite can be comparable to products 
based on sodium bentonite. An organophilic 
product based on sodium bentonite (Wyoming 
Bentonite) available under the Trade Mark 
Volclay but otherwise made, as described in 
the examples, containing 0.70 organic am- 
monium cation/g clay mineral and made up, 
for testing to include 0.33 g ethyl alcohol/g 
clay mineral, gave a penetration value after 
3 roll milling of 34, and a commercial organo- 
philic product available under the Trade 
Mark Bentone 34, also based on sodium ben- 
tonite, gave penetrometer test results equiva- 
lent to those of the Volclay derived product 
There is a correlation between the rhco- 
logical properties of a suspension of the clay 
in water before being treated with onium com- 
pound, and the inclusion of a magnesium 
compound and it is possible that the effect of 
tiie magnesium compound in increasing the 
degree of dispersion of the clay, as shown by 
the improved rhcological properties of the 



suspension is responsible for the improvement 
in the effectiveness of the organophilic pro- 
duct. This is a theory and the invention de- 
scribed and claimed herein is not limited 
thereby. Table II gives the plastic viscosity of 
a 6/ c suspension of clay mineral, after ex- 
trusion, if carried out, and drying, but before 
treatment with ammonium compound. 

The plastic viscosity was measured on a 
Ferranti-Shirley Cone and Plate Viscometer 
and is expressed in centipoises. 



30 



35 



Ex. No. 

1 

2 
3 
4 
5 
6 
7 
8 
9 



Table II. 



Plastic Viscosity 



1 
4 
8 
8 

10 
10 
10 
10 
10 
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The results appear to indicate to a limited 
extent, an interrelationship between the 
Theological properties of the clay mineral and 
the use of the magnesium compounds. 

5 WHAT WE CLAIM IS:— 

1. A process for the production of an 
organophilic clay mineral derivative compris- 
ing taking a clay mineral, containing calcium 
cations as a major proportion of the exchange- 

10 able cations in the day mineral* treating it in 
the presence of water with one or more inor- 
ganic compounds containing sodium cations 
and anions which form water-insoluble salts 
with calcium, and a suitable minor proportion 

15 of one or more alkaline magnesium com- 
pounds, to exchange sodium and magnesium 
cations for calcium cations of the clay mineral, 
and treating the ion exchanged clay mineral 
with one or more onium compounds (as here- 

20 inbefore defined) to exchange onium cations 
for said sodium, magnesium and remaining 
calcium cations. 

2. A process as claimed in claim 1 wherein 
the clay mineral is calcium montmorillonite. 

25 3. A process as claimed in claim 1 or 2 
wherein the compound containing sodium 
cations is sodium carbonate. 

4. A process as claimed in. any preceding 
claim wherein the alkaline magnesium com- 

30 pound is magnesium oxide, magnesium . hy- 
droxide or magnesium carbonate. 

5. A process as claimed in any preceding 
claim wherein the clay mineral is treated with 
from 4% to 10% based on the dry weight 

35 thereof of the compounds containing sodium 
cations. 



6. A process as claimed in any preceding 
claim wherein the clay mineral is treated with 
from 0.5 to 3.0% based on the dry weight 
thereof of the magnesium compound. 

7. A process as claimed in any preceding 
claim wherein the clay mineral is in the form 
of a wet clod containing from 28% to 40% 
by weight of water. 

8. A process as claimed in any preceding 45 
claim wherein the clay mineral is treated with 

the compound containing the sodium cations 
and the alkaline magnesium compound by 
being extruded in admixture with the said 
compounds. 50 

9. A process as claimed in any preceding 
claim wherein the onium compound is an 
ammonium compound. 

10. A process as claimed in any preceding 
claim wherein the onium compound is in a 55 
quantity at least equivalent to the cation ex- 
change capacity of the clay mineral. 

11. A process substantially as described 
herein with reference to any one of Examples 

3 to 9. 60 

12. An organophilic clay mineral derivative 
whenever produced by a process as claimed 
in any preceding claim. 

13. An organophilic clay mineral derivative 

as claimed in claim 12 in admixture with a 55 
polar solvent in an amount of from 0.5 to 
1'0 g/g °f day mineral derivative based on 
the dry weight thereof. 



A. N. CALDWELL, 
Chartered Patent Agent, 
Agent for the Applicants. 



i >r v. H ^ M 5 ,e f ty s sta tIonery Office by the Courier Press, Leamington Spa 1976 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1 AY from 
which copies may be obtained. 
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(54) IMPROVEMENTS IN OR RELATING TO THE PRODUCTION OF 
MAGNESIUM SILICATES 

(71 ) We, LAPORTE INDUSTRIES LIMITED, a British Company of Hanover House, 
14 Hanover Square, London, W.l. do hereby declare the invention, for which we pray that a 
patent may be granted to us, and the method by which it is to be performed, to be particularly 
described in and by the following statement: — 
5 This invention relates to a process for the synthesis of hydrous magnesium silicates. 5 
The name "hectorite" has been ascribed to a natural trioctahedral smectite found at Hector, 
California, U.S.A. This clay is a hydrous magnesium silicate having the ideal composition 
Si 8 Mg 6 0 2 o(OH) 4 modified by having a portion of the Mg + 2 and OH" ions replaced by Li + 
and F- ions. The synthesis of hydrous magnesium silicates similar to natural hectorite has 

10 been described by Granquist and Pollack in "Clays and Clay Minerals" Volume 8 (Pro- 10 
ceedings of the 8th National Conference on Clays and Clay Minerals) Pages 150-169. In the 
process described by Granquist gels of magnesium hydroxide and of silica are produced 
separately, are washed, are combined and are redispersed in water to form a suspension. 
Lithium hydroxide or lithium fluoride and sodium hydroxide are added to the suspension 

15 which is then treated hydrothermally by refluxing it with stirring until a product having a 15 
crystal structure similar to that of hectorite is formed. 

While Granquist's product has a crystal structure similar to natural hectorite it does not 
have good rheological properties. A standard yardstick of Theological properties of a substance 
is provided by measuring the Bingham Yield Value of an aqueous dispersion of the substance. 

20 The term Bingham Yield Value (also known as Bingham Yield Stress, these terms being 20 
alternatives for the same property) is referred to in standard works on rheology for example 
in "Rheology Theory and Applications" F. R. Eirich (Acad. Press) Volume 1 (1956) Page 658 
and "Colloidal Dispersions" L. K. Fischer (N.Y. Bureau of Standards) 2nd Edition 1953 
Pages 150-170 and "The Chemistry and Physics of Clays and other Ceramic Materials" 

25 3rd Edition Page 463, A. B. Searle and R. W. Grimshaw. 25 
The Bingham Yield Value may be determined by first obtaining a flow curve relating the 
shear stress to the rate of shear and then extrapolating the straight line section of the curve 
to the shear stress axis the intercept being the Bingham Yield Value. It can conveniently be 
determined on any viscometer capable of measuring a range of shear rates and shear stresses. 

30 The product of Granquist, when in the form of a dispersion obtained using 2g silicate and 30 
100ml tap water, gives a Bingham Yield Value of only about 15 dynes per cm*. This is a very 
low value, inferior to that given by natural hectorite. It also gives a low static gel strength. 

Processes for the production of synthetic hydrous magnesium silicates having a crystai 
structure similar to natural hectorite but having better rheological properties than natural 

35 hectorite have been described in British Patents 1,054,111 and 1,213,122. These processes 35 
describe the production of synthetic hydrous magnesium silicates having a characteristic 
hectorite-like structure and having varying contents of lithium and fluorine, by a process 
essentially involving direct coprecipitation of a magnesium silicate. 
The process described in British Patent No. 1,054,111 involves forming a slurry by co- 

40 precipitation by slowly combining with heating and agitation in an aqueous medium a con- 40 
stituent providing the magnesium ions with constituents providing the silicon (as silicate), 
hydroxyl and sodium ions and treating the precipitate hydrothermally. The concentration of 
the slurry is desirably such that the concentration of the product formed is from 1 % to 8 % by 
weight preferably 4% by weight. The hydrous magnesium silicate contains fluorine and lithium. 

45 The process described in British Patent No. 1,213,122 involves precipitating a magnesium 45 
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15 



20 



silicate by combining an aqueous solution of a water soluble magnesium salt with an aqueous 
alkaline solution of one or more sodium compounds in the presence of dissolved silicon 
compound and hydrothermally treating the precipitate under pressure. The concentration of 
the precipitate is preferably not more than 5% by weight. The hydrous magnesium silicate 
5 product contains no fluorine and optionally contains lithium. ~ 5 

The products of the processes of the two British Patents are also characterised by providing 
dispersions giving exceedingly high Bingham Yield Values in excess of any known to be given 
by natural hectonte dispersions and usually above 40, for example from about 50 to 250 
dynes per cm* as a 2% dispersion in tap water, and high static gel strength. Such products 
10 have found widespread use by reason of their excellent rheological properties. io 
According to one aspect the present invention provides a process for the synthesis of a 
hydrous magnesium silicate having a crystal structure similar to that of hectonte and havinc 
the general formula B 
. [Si 8 (Mg a Li b H c )O 20 (OH)4- y F y p- zM + 

15 wherein a, b, c, y, z and M have the values:— 

a is 4.95 to 5.7 
b is from 0 to 1.05 
c is from 0 to <2 
a + b + c is from >4 to <8 
20 y is from 0 to <4 

z = 12-2a-b-c 
M is Na + or Li + 

comprising the sequential steps of forming an aqueous suspension of magnesium carbonate 
forming a silica precipitate in the aqueous suspension of magnesium carbonate the pro- 

25 portions of magnesium provided by the magnesium carbonate and silica precipitated in the 25 
suspension corresponding to that of the formula of the magnesium silicate, maintaining the 
resulting mixture of magnesium carbonate and silica in the wet state and subjecting it to 
hydrothermal treatment by heating it in an aqueous medium and in the presence of the 
remaining constituents of the magnesium silicate in proportions within the ranges specified 

30 m the general formula thereof and in the presence of excess dissolved sodium or lithium 30 
compound over that required to form the cation of the magnesium silicate until crystal growth 
occurs and separating the resulting crystalline product 

xr^fJPi!^ inv ? n ^ n ^ to distin g uished from the processes described in British Patents 
No. 1,054,111 and 1,213,122 in that, in those processes, the magnesium compound and the 

35 sihca are coprecipitated. Clearly the benefits of the present invention may be obtained at 35 
least partly by including only a part of the magnesium carbonate in the preformed suspension 
and therefore the invention is not strictly limited to the whole of the magnesium carbonate 
being in the preformed suspension. As the proportion of magnesium carbonate included by 
known means, for example coprecipitation, increases, the deficiencies associated with that 

40 means also increase. Therefore preferably the majority of the magnesium, and particularlv 40 
preferably all of the magnesium carbonate is included in the preformed suspension 

The suspension of magnesium carbonate is preferably formed by dissolving a suitable 
water soluble magnesium compound, for example a magnesium sulphate, in water and adding 
to the resulting aqueous medium an aqueous alkaline solution of sodium carbonate to 

45 precipitate it Preferably the quantity of sodium carbonate, including any present in' the 45 
reactants, is not more than that required in theory to precipitate the magnesium compound 
and any other constituent of the hydrous magnesium silicate present. 

A silica precipitate may be formed by combining a suitable dissolved compound for 
example syrupy sodium silicate solution containing by weight 29 0 ' o SiO-» and 8 8 0/ Na^O 

50 with one or more sodium compounds. If the suspension of magnesium carbonate has been 50 
made by precipitation from a solution of a magnesium salt by an aqueous solution of one or 
more sodium compounds in the presence of a sufficient excess of sodium compound the 
silica may be precipitated by adding a solution of the suitable silicon compound directly into 
the freshly precipitated carbonate. Alternatively, if an insufficient amount of sodium compound 

55 has been used to precipitate the magnesium carbonate and also the silica, further sodium 55 
compound may be added to the suspension of the magnesium compound and a solution of 
the suitable silicon compound then added. Alternatively, the silicon compound may be used 
as an aqueous solution containing insufficient sodium compound to precipitate it which may 
be added to the suspension containing the magnesium carbonate and sufficient sodium 

60 compound to cause precipitation of the silica. Any alternative method which results in pre- fo 
cipitation of silica in the suspension of freshly precipitated magnesium carbonate may be used 
Preferably the lithium and fluoride components of the synthetic magnesium silicate are 
incorporated in the aqueous suspension of magnesium carbonate, e.g. bv dissolving lithium 
and fluorine compounds in the suspension before precipitation of the~silica. As an alternative 

65 to this suitable lithium and/or fluorine compounds may be introduced after precipitation of 65 
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the silica. Examples of suitable compounds are lithium carbonate, sodium silicofluoride 
hydrofluoric acid, lithium fluoride, and lithium sulphate. 

The resulting precipitate containing the components of the desired hydrous magnesium 
silicate must be maintained in the wet state until after the hydrothermal treatment Preferably 
the entire aqueous suspension in which the precipitate is formed is subjected to hydrothermal 
treatment. 

Hydrothermal treatment may be conducted by heating in the presence of a liquid phase for 
from 1 to 20 hours to crystallise the synthetic silicate. The degree of hydrothermal treatment 
required may vary considerably. At one end of the scale a mere boiling with agitation for 
for example, up to about 6 hours may be conducted. Such a treatment tends to be suitable 
when the hydrous magnesium silicate has a relatively high fluorine content. At the other end 
of the scale it may be necessary to heat under pressure, for example at a temperature of at 
east 170°C and at a pressure of at least 100 psi, while still maintaining the presence of the 
liquid phase, to obtain suitable crystal growth. Such a hydrothermal treatment may suitably 
15 be applied to the production of hydrous magnesium silicates having a low fluorine content 15 
The aqueous suspension subjected to hydrothermal treatment contains excess dissolved 
sodium or lithium compound over that required to provide the cation of the hydrous mag- 
nesium silicate. The amount of the excess which is desirable for the formation of a hydrous 
magnesium silicate having good rheological properties will vary according to the particular 
20 magnesium silicate desired. It is not possible, therefore, to specify a lower limit of excess 20 
dissolved sodium or lithium compound but the amount of excess necessary for success may 
be optimised by simple experimental tests after the particular magnesium silicate has been 
selected. Preferably the excess of sodium or lithium compound is at least 25% and most 
preferably from 50% to 250%, for example from 50% to 200% on the basis defined above. 
25 The crystalline material resulting from the hydrothermal treatment may be separated by 25 
filtration, is suitably washed, and is dried at a temperature not substantially exceeding 450°C. 

The present invention may be operated to give a relatively high concentration of precipitate 
in the aqueous medium without serious viscosity problems arising, despite the use of a large 
excess of sodium or lithium ions during precipitation. 
30 Preferably the process is operated to give a product concentration of at least 5°/ M for 30 
example from 5 % to 10 %, on a dried weight basis. 

This represents a considerable increase in the productivity of the hydrothermal treatment 
apparatus in comparison with the previously used concentration of about 4% by weight 
At product concentrations of about 7% on a dried weight basis and above viscosity pro- 
35 blems may be encountered in the manufacture of hydrous magnesium silicates containing 35 
appreciable quantities of lithium, for example about 1 atom of lithium per 8 atoms, of silicon 
Preferably therefore, at high concentrations, relatively little, or no, lithium compounds are 
present during precipitation. Preferably at high concentrations the quantity of lithium is not 
more than 0.5 atoms, for example from 0.1 to 0.5 atoms, per 8 atoms of silicon during precipi- 
40 tation when the concentrations of reactants are such as to give a product concentration of at 40 
least 7% on a dried weight basis. 

The present invention also makes possible the production of hydrous magnesium silicates 
having a crystal structure similar to that of natural hectorites and giving extremely fast dis- 
persion in cold or hot aqueous media without sacrificing the excellent rheological properties 
45 characteristic of the processes of British Patents No. 1,054,111 and 1,213,122. As a general 45 
rule good dispersibility goes hand in hand with optical clarity in the resulting dispersion 

To ensure a product having good dispersibility the process should preferably be controlled 
carefully along the following lines. 
The precipitation of the magnesium carbonate should preferably be conducted over an 
50 extended period of time for example over a period of from 30 minutes to 3 hours and pre- 
ferably of from 1 to 2 hours. The precipitate of magnesium carbonate tends to be somewhat 
unstable with time. It is also liable to become less suitable for the practice of the invention 
if subjected to extreme conditions. Because of this the medium in which the water soluble 
magnesium compound is dissolved is preferably maintained at from room temperature to 
55 60 C C during the precipitation and the precipitate is preferably not boiled. The precipitation 55 
is preferably conducted by introducing the precipitant into an aqueous solution of the mag- 
nesium carbonate and not the reverse. The silica precipitate should be preferably formed 
gently, that is to say, gentle physical precipitation conditions should be used. Any precipitation 
conditions resulting in the formation of a large number of small seed crystals tend to reduce 
60 the quality of the product thus obtained. Generally, fast addition of a dissolved silicon com- 60 
pound to the suspension is to be avoided as is fast stirring during precipitation. In view of the 
variation in scale which may be used in carrying out the process of this invention and in view 
of the alternative procedures available to precipitate the silica it is not possible to define the 
term "gently" in absolute terms. For guidance however, the silica may suitably be precipitated 
65 over a period of at least 15 minutes preferably over a period of from 15 minutes to 1 hour 55 
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&™SraL^m. ^ SCale tUt ^ dCSirab,y about "**> n» 

Boiling after precipitation but before pressure hydrothermal treatment, if used mav also 
assist in improving the optical properties of the product although it is no always nT^ssar? 

5 a I P r ° ductlo . n t of a P a * cu . la J hvdrou s magnesium silicate it may be possible to oS 5 
a good product without maintaining all of the above process limitation* « ,w 5 
value and reference is made to Example 4 where a ihydwSESiK sBfcate nioH.£ P n Z ■ m 
good optical properties was obtained, even though ?Z s^m ^cS ^ P ^drf to Sf 
suspension quickly, using hand stirring at a speed of below 100 mm * 
10 The present invention also makes possible the production of hvdrous cn:ml) „ ,„ 

having a crystal structure similar to that of natural hecfonte havTn™ 3 fESlifSS ° 
Value, having excellent dispersion and optical properties if the rw£Ja w 2 
controlled and also having I low cation exchange capacity P SWtably 

The products of British Patents No. 1,054,111 and 1 213 122 save a hi<»h B, n „k» m v m 
Value but also had a cation exchange capacity of above 50 m^er foS 'gams" ft ^Jjg 
applications a combination of good rheological properties and a low cat^nSangfcaSv 
is advantageous. An example of such an application is found in the field of naint ™* 
facture. In this case of course the optical properties of the dav are no imnm?fn P a T"" 
to a further feature the present invention therefore *uso ToSdl SXfc Tvd~ a ^ ing 

20 gSa"^^^ 20 

J^" 5 v > 2 and M haw the values hereinbefore ascribed to them and havina a Ri„„„ am 

25 of from 50 to 250 dynes per cm*, and having a cation exchange capacity of from 25 to 50 m ea 55 
perlOO grams and optionally giving a cold dbpersibility as hereinafter defineTof le°s thaT 1 0 
The production of matenal having a cation exchange capacity within th ! above rami h 
encouraged by controlling the quantity of sodium compound presenf wher ^the ma3um 
carbonate is precipitated, to . slightly below the stoichiometric quantity for th pSS 
30 of the magnesium and any lithium or fluorine present and by controUins X hv^?^^ ™ 
treatment to a relatively short duration for example noi f^ore thaS 2 hSS^tSiSS£ 3 ° 
low temperature for example not more than 150T preferably not more than K V 
followitexXles. inVentl0n ^ undeistooi more "«% * is illustrated by means of the 
35 Example 2 to 19, 21 and 23 to 29 are according to the invention 
Examples 1, 20 and 22 are inserted for comparative purposes onlv 
In the Examples the following tests are used. 
Optical Density 

The sample is added in 2 % concentration by weight to distilled water, or aaueous solution 
40 as specified, at room temperature and the suspension brought to the boi nKataSed 
boiling under reflux for 15 minutes with stirring. The suspension is cooled to room SS£ 

Cold Dispersibility 

The range of optical densities of 0 to 0.60 so obtained is equivalent to a ranee of visual 
50 appearance from water clear to cloudy - translucent ^ 1Sual c/x 

Stof/c Ge/ Strength - Aeron Balance 50 

Gel strength is measured using a boiled dispersion of 2°/ n bv weight cnnepntratio« r«„ o ♦ 
weight basis) containing 0 4 me/g Na 2 SO. ^simple beam SBKSdbffi^^ 
weigh samples is modified by attaching a rigid extension to one arm of the beam Anllu 
55 minium disc is suspended m the horizontal plane by a stiff vertical wire from t^xtensS 
A beaker is placed on the balance pan on the same side of the balance as the extension and ?he 
beam is then balanced by placing weights on the other pan. The beam is suspenderr s tamJard 
diameter container containing the sample to be measured is raised upSly tmvar^ the 
<o nn U £T m f £ BC ""J 11 - thC • SU ? ace $ ""P* contacts the aluminium aisc! and the veniS 

toIS^ 

static gel strength is the volume of the water introduced inw tt beaker 
65 For reference the apparatus used to obtain the beam balance results quoted in this specifl- 
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cation was so proportioned and the standard deflection was so selected, that water gave a 
Beam Balance reading of 12 and a gel which would just fail to flow from an upturned beaker 
would give a value of about 35. 

EXAMPLES 1 & 2 
The following separate solutions 1 to 4 were made up: — 
Solution 

1 183.5g MgS0 4 7H 2 0, lO.lg LiS0 4 .H 2 0, 850g H 2 0 

2 250g Pyramid Nol sodium silicate (29% Si0 2 , 8.8% Na 2 0), 75.3g Na 2 C0 3 , 850g H 2 0 
1 75.3g Na 2 C0 3 > 600g H 2 0 
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4 250g Pyramid Nol sodium silicate, 250g H 2 0 
"Pyramid" is a Trade Mark. 

Solutions 3 and 4 together equal solution 2. In Example 1 solution 2 was added to solution 
1 over 30 minutes thus precipitating Si and Mg values together according to the teaching of 
BP 1,213,122. In Example 2 solution 3 was added to solution 1 followed by solution 4 thus 
firstly precipitating the Mg values and secondly the Si values. The total time of addition of 
solutions 3 and 4 was 30 minutes and during this time the mixture of solutions - was stirred 
at 100 rpm in each instance. The ingredients used correspond to a ratio of Si : Mg : Li : Na 
of 8 : 4.95 : 1.05 : 14.1 and the amount of water gave a magnesium silicate concentration 
during hydrothermal treatment, of approximately 5% w/w in each Example. The resulting 
slurries were boiled for 1 hour at atmospheric pressure and each was divided into two samples. 
The two samples for each Example were treated hydrothermally at 250psig for 3 and 6 hours 
respectively at 207°C and the resulting hydrous magnesium silicate separated by filtration, 
washed and dried. The optical density of the product of each Example was measured. 
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Table I 
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OPTICAL DENSITY 




Example 1 


Example 2 


Dispersion 


Hours at 250psig 




3 6 


3 6 


Dist. H 2 0 
Na 2 S0 4 Soln. 
0.4 m.eq. Na + /g 


0.047 0.078 
0.212 0.220 


0.040 0.030 
0.141 0.140 



These results show that Example 2, which was according to the invention, gave a product 
of lower optical density than Example 1 which was not according to the invention using the 
same hydrothermal treatment. The optical density of the products of Example 2 decreased 
with increased duration of hydrothermal treatment whereas the opposite was true for Example 
1. Each of the samples showed an X-ray diffraction pattern indicative of a crystal structure 
similar to that of natural hectorite and had good Theological properties 
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EXAMPLES 3-9 

The same procedure was used as in Example 2 the solutions used having compositions 
giving the overall atomic ratios 

Si : Mg : Li : Na = 8 : 5.3 : 0.1 : 24 
and a concentration of precipitate of 5% by weight 

The suspension containing precipitated silica, at a 5% by weight concentration was hydro- 
thermally treated for 3 hours at 250psig at 207°C. A number of Examples were conducted 
in which the following conditions were varied. 

(a) Temperature of MgS0 4 7H 2 0 solution (other solutions were at room temperature) 

(b) Rate of addition of the sodium carbonate and sodium silicate solutions. 

(c) Rate of stirring during addition of solutions 3 and 4. 

(d) Boiling after addition and before hydrothermal treatment 

The optical density of the product of each Example was measured as a 2% dispersion in 
distilled water after recovery, washing and drying. The process conditions varied and the 
optical density measurements obtained are summarised in Table II. 
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Table II 





Example 


MgS0 4 7H 2 0 


Total time of 


Rate of 


Boiling 
Time 
(mins) 


Optical 
Density 




5 




Temperature 


addition of 
carbonate and 


Stirring 


5 








silicate sols. 










3 


9ft 


By pouring in 


3000 rpm 


0 


not 




10 




20 


at max. rate 




measured 




4 




hand stirred 


o 


ft ftS 






5 


20 


Over 30 mins 


100 rpm 
3000 rpm 


0 


0.10 






20 


addition time 






15 


6 


*» 


100 rpm 


30 


not 




7 
8 


20 
60 


ii 
>j 


3000 rpm 


60 
0 


measured 
0.50 
not 


15 




9 


60 




100 rpm 




measured 




20 


>» 


30 


0.03 





Examples 3-7 show that a slow rate of addition of solutions 3 and 4, a slow rate of stirrine 
and toiling, all assist m the formation of a product having good optical properties Where 
the optical density was not measured this was because the product had poor dispersion 
properties and, in fact settled from the 2% dispersion formed for the purpose of opted 
density measurements. Examples 8 and 9 show that it is possible to obtain a product hkvmg 
really good optical properties using a warmed solution if the process features mentioned 

SEL? t UI v Wy S 0ntr °J le u- ^ . 0f , the products had structures similar To thatTf 

natural hectonte and good rheological properties. 

EXAMPLES 10-14 

n ii T"?. , procedure ™? used M I" Example 9 with the sole modification, in Examples 
n "L 4 # ? e quantIty ° f K ater used ln total was reduced t0 ^ the following weights of 
washed dned magnesium silicate per lOOg slurry. The optical density, measured as a 27 

n fT^Sff a ? d thC gel StK ^ measurcd 38 a 2 % dispersion in a solution of 
usL in fach Example " SUmmansed in Table 111 t0 & th ™ with the concentration 
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Example 


g product/ 
lOOg slurry 


Optical 
Density 


Gel strength 
Beam balance 


10 
11 
12 
13 
14 


5 
6 
7 
8 
9 


0.06 

0.09 

0.015 

0.005 

0 


93 
45 
55 
78 
62 



In each of Examples 10-14 the hydrous magnesium silicate produced showed an X-ray 
diffraction pattern indicative of a crystal structure similar to natural hectorite. 

A preparation was attempted using the overall atomic ratios of Example 10 and the co- 
precipitation method disclosed in British Patent No. 1,213,122. A stiff gel phase formed in 
the sodium silicate/sodium carbonate solution making it impracticable to continue the 
preparation. 

EXAMPLES 15-18 

The same procedure was used as in Example 9, but the quantities of chemicals were adjusted 
to give different atomic ratios and the times under hydrothermal pressure were ^o varied 

The cation exchange capacities were measured by standard laboratory methods The 
preparations were used to make 2% dispersions by boiling for 15 minutes Ser rf 
hardness 140mg CaCOs/litre and the BingLm YHd Values (B^ 

S°oT T^rT^ nSltieS f th ^ sam %^persions, i.e. 2% in tap water having a S 
foTowLgS CaC ° 3/htre ' are also The P rocess and results are summarised in the 
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Table IV 



Example 


Overall atomic 
ratio 


Hours 
at 250 
psi 


Cation 
exch. 
capacity 
(m.eq./ 
100g.) 


B.Y.V. 
(dyne/ 
cm 2 ) 


Optical 
Density 


Si 


Mg 


Li 


15 


8 


5.3 


0.7 


3 


44 


191 


0.10 


16 


8 


5.3 


0.5 


3 


31 


162 


0.11 


17 


8 


5.3 


0.5 


6 


49 


143 


0.11 


18 


8 


5.3 


0 


3 


34 


120 


0.20 



It is seen that these preparations combine low cation exchange capacity with high BYV 
and low optical density. In fact the optical density obtained in these Examples compares 
well with that obtained in Example 9 the apparent difference being attributable to the difference 
in the water used to make up the dispersion. 

EXAMPLES 19-22 

The same procedure was used as in Example 2 with the modifications that in Examples 
20 and 22 which are not according to the invention Na 2 C0 3 was replaced by an equivalent 
amount of NaOH and in Examples 21 and 22 the amount of Na 2 C0 3 and NaOH was slightly 
greater being equal to the amount required in theory to precipitate the magnesium and lithium 
values in solution 1. 

The gel strength of the products was measured by the Beam Balance method described 
above. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



Table V 



Example 
No. 


Solution 3 
compound 


% equiv. to 
Mg & Li in 
Solution 1 


Gel strength 
Beam Balance 


Cold dis- 
persibility 


Optical 
Density 


30 


19 


Na 2 C0 3 


94 


46 


0.245 


0.08 




20 


NaOH 


94 


45 


00 


! oo 


35 


21 


Na 2 C0 3 


100 


48 


0.60 


0.06 


22 


NaOH 


100 


50 


00 


0.69 





In Examples 19 and 20 a total of 14.1 and in Examples 21 and 22 a total of 15.6 atoms of Na 
were present per 8 atoms of Si. 

EXAMPLES 23-27 

In a consecutive series of experiments to the procedure used was that of Example 2 with 
the following modifications. 

The solutions used contained an amount of Na 2 C0 3 equivalent to 14.7 atoms of Na for 
every 8 atoms of Si. 

The lithium content of solution 1 was reduced to half and was compensated for by an 
increase in the quantity of magnesium and the concentration of the solutions was adjusted 
to give a product concentration of 6% by weight after hydrothermal treatment Solution 3 
was added over 60 minutes and solution 4 over 15 minutes. 

The products were isolated and examined and the results are summarised in Table VI. 

Table VI 



Example No. 


Cold 
Dispersibility 


Optical 
Density 


Gel strength 
Beam Balance 


23 


0.26 


0.15 


52 


24 


0.29 


• 0.11 


50 


25 


0.28 


0.13 


48 


26 


0.30 


0.16 


42 


27 


0.33 


0.18 


54 



By way of comparison the cold dispersibility of the product of consecutive series of pre- 
65 parations conducted using the procedure of Example 1 but on a larger scale and using a 
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20 



concentration of product after hydrothermal treatment of 4.1 % varied as follows 
oo, oo, oo, 0.82, 0.29, oo, 0.95, 0.57, 0.57, 0.35. 

^ , „ EXAMPLES 28-29 

The following solutions were made up: — 

1. 1603.5 Kg MgS0 4 7H 2 0, 37.1 Kg Li 2 S0 4 H 2 0, 4540 Kg H 2 0 

2. 671 Kg Na 2 C0 3 , 3589 Kg H 2 0 

3. 1910 Kg Pyramid No. 1 sodium silicate 2553 Kg H 2 0 
"Pyramid" is a Trade Mark. 

Solution 2 was added to solution 1 stirred at 100 rpm over a period of 2 hours, the tem- 
perature of the mixed solutions being maintained at 40°C approximately 

Solution 3 at a temperature of 20°C was added to the suspension resulting from mixins 
solutions 1 and 2 starting immediately after that mixing had been completed The result 
suspension was boiled to expel C0 2 and was then autoclaved after heating up over ^period 
ol 2 hours for 6 hours at a pressure of 250 psig. The resulting product was washed and dried 
at a temperature of 150°C The weight of dried precipitate corresponded to a 6 % £m3t 
concentration in the autoclave The resulting material had a crystal structure similar to that 
»L%?c v"^ v l heolo & c ? Properties were tested by the "Beam Balance" method 

and its Bingham Yield Value was also determined. 

The Example was also repeated using a smaller quantity of water so as to eive a 9°/ con- 
centration by weight in the autoclave and the product tested in the same manner 

The results are summarised as follows:— 
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Table VII 



Example 


Concentration 


Bingham Yield 
Value 


Gel Strength 
Beam Balance 


28 
29 


7% 
9% 


135 
163 


49 
43 



ciJl;i« A ^ P ^ SS /SLi he Synth f i s of a h . ydrous ma gnesium silicate having a crystal structure 
similar to that of hectonte and having the general formula 

[Si, (Mg^HJOMOH),-^]*- zM* 

wherein a, b, c, y, z and M have the values:— 

a is from 4.95 to 5.7 

b is from 0 to 1.05 

c is from 0 to <2 

a+b+c is from >4 to <8 

y is from 0 to <4 

z = 12-2a-b-c 

M is Na + or Li + 

comprising die sequential steps of forming an aqueous suspension of magnesium carbonate 
5E3 1 f™?™? 1 ** » * e ^"eous suspension of magnesium carbonate, the propor- 
tions of magnesium provided by the magnesium carbonate and of silica precipitated in the 
suspension of magnesium carbonate corresponding to that of the formula of the magnesium 
sdicate maintaining the resulting mixture of magnesium carbonate and silica in the wet 
state and subjecting it to hydrothermal treatment by heating it in an aqueous medium and in 
the presence of the remaining constituents of the magnesium silicate in proportions within 
the ranges specified in the general formula thereof and in the presence of excess dissolved 
sodium or lithium compound over that required to form the cation thereof until crystal 
growth occurs and separating the resulting crystalline product. 

2. A process as claimed in claim 1 %vherein the aqueous suspension of magnesium car- 
*«T?aa- ,1^ d,ssolv,n 8 a . water so l u ble magnesium compound in an aqueous medium 
and adding to the aqueous medium an aqueous solution of sodium carbonate so as to pre- 
cipitate the magnesium carbonate. p 

Ja-a^ VX*** aS cMme J in ? laim 2 wherein the aqueous solution of sodium carbonate is 
n„ff! l ° ^/queous medium in which the water soluble magnesium compound is dissolved 
over a penod of from 30 minutes to 3 hours. 

* n tuu£ T0,XSS - 33 daimed '"/la" 1 ?. 2 or 3 herein the aqueous medium in which the water 

S 2?r C i >m - P0UI i d 15 d ! SS . 0,v ? d is maintained at a temperature of from room 
temperature to 60°C during the precipitation. 

hif.» A . process ^ Maimed in any one of claims 2 to 4 wherein the quantity of sodium car- 
bonate is not more than that required in theory to precipitate the magnesium carbonate 
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and any other constituent of the hydrous magnesium silicate present. 

6; ^ A r P /° Ces ?c as Maimed in any preceding claim wherein the silica is precipitated over a 
period of from 15 minutes to 1 hour. p F 

7. A process as claimed in any preceding claim wherein the excess of sodium or lithium 
compound dunng hydrothermal treatment is from 50% to 200% over that required to form 5 
the cation of the hydrous magnesium silicate. 

8. A process as claimed in any preceding claim wherein the concentrations of the reactants 
used is such as to give a product concentration on a dried weight basis of at least 5°/ 

9. A process as claimed in claim 8 wherein the concentrations of reactants are°such as 
to give a product concentration on a dried weight basis of at least 7% and the quantity of 10 
jjjj P resent dunn S precipitation is not more than 0.5 atoms for every 8 atoms of silicon 

10. A synthetic hydrous magnesium silicate having a crystal structure similar to that of 
natural hectonte and having the general formula 

15 , . Pi* (Mg a Li b H c )02o(OH)4- y F y p- zM* 15 

v- m C w 1 ' °' y> z f5?}* ha ^ e th ? values hereinbef °re ascribed to them, and having a Bingham 
Yield Value, as a 2 % dispersion, m water having a hardness of 140 mg. per 1 calcium carbonate 
of from 50 to 250 dynes per cm*, and having a cation exchange capacity of from 25 to 50 
m.eq. per 100 grams. 

20 11. A synthetic hydrous magnesium silicate as claimed in claim 10 having a cold dis- 20 
persibility as herein defined of less than 1.0. 

o J^ 0 ^t pro ? s ^ su ^ antially 88 herein Scribed with reference to any one of Examples 
2. to iy, 2.1 ana 23 to 29. r 

A. N. CALDWELL, 
Chartered Patent Agent, 
Agent for the Applicants. 
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